Studies on porcine genome contributed to identification of polymorphic loci of the genes that may influence the level of reproduction-related traits. The LEP gene codes for leptin -a protein secreted to blood from adipocytes, important for food intake, energy expenditure, and immune response; the protein also influences some functions of mammalian reproductive system. The aim of this study was to determine the polymorphism of HinfI in the leptin gene and its effect on selected qualitative and quantitative traits of the semen. The analyses included 54 AI boars, which had been derived from crossing Duroc with Pietrain breeds. The genotypes were established with PCR-RFLP. Two alleles LEP/HinfI were identified: LEP T (152 bp) and LEP C (68 and 84 bp) with the frequencies 0.713 and 0.287 respectively. The genotype frequencies were as follows: 
Summary
Studies on porcine genome contributed to identification of polymorphic loci of the genes that may influence the level of reproduction-related traits. The LEP gene codes for leptin -a protein secreted to blood from adipocytes, important for food intake, energy expenditure, and immune response; the protein also influences some functions of mammalian reproductive system. The aim of this study was to determine the polymorphism of HinfI in the leptin gene and its effect on selected qualitative and quantitative traits of the semen. The analyses included 54 AI boars, which had been derived from crossing Duroc with Pietrain breeds. The genotypes were established with PCR-RFLP. 
Introduction
The studies on porcine genome contributed to identification of polymorphic loci of the genes that may influence the level of reproduction-related traits. It has been suggested that the leptin gene may have such function. Leptin, coded by the LEP gene, is a polypeptide hormone (ZHANG et al., 1994 ) with a molecular weight of 18.661 kDa in pigs (BIDWELL et al., 1997) . It is secreted to blood mainly from adipocytes (ZHANG et al., 1994; BIDWELL et al., 1997) .
Leptin is an important factor mainly in regulation of food intake and energy expenditure (RENTSCH et al., 1995; PELLEYMOUNTER et al., 1995) . The localisation of leptin receptors in ovaries, testes, uterus (BARASH et al., 1996; LIN et al., 2000) , and hypothalamus (TARTAGLIA, 1997) indicates that leptin may act in various regions of the reproductive system, which in turn implies that the protein takes part in the reproductive functions (BARASH et al., 1996) . The leptin gene was mapped to porcine chromosome 18 (NEUENSCHWANDER et al., 1996; SASAKI et al., 1996) and is highly conserved in a number of mammalian species (RAMSAY et al., 1997) . The gene expression is regulated by adipose tissue mass and hormones, such as insulin, glucocorticoids (HOUSEKNECHT and PORTOCARRERO, 1998) , estrogens (SHIMIZU et al., 1997) , prolactin (GUALILLO et al., 1999) , testosterone (BLACHE et al., 2000) , and GH (HOUSEKNECHT et al., 2000) . In pigs, the gene is expressed in the adipose tissue as 3.100bp mRNA (BIDWELL et al., 1997) . A higher level of leptin mRNA was found in subcutaneous adipose tissue of finished pigs (136 kg) than that in those still growing (60 kg) (BIDWELL et al., 1997) . By approximately 306% higher level of leptin mRNA and the protein alone was found in the plasma of obese pigs in relation to the non-obese pigs of the same body weight (RAMSAY et al., 1998) . The levels of expression differed also between the regions of adipose tissue. In pigs, these were higher in subcutaneous adipose tissue than in that of omental and retroperitoneal regions, wereas in cattle, the highest expression levels of mRNA were found in perirenal adipose tissue, lower in subcutaneous tissue, and the lowest in mesentheric tissue (XIE et al., 1999) . Several single base polymorphisms were found in the porcine leptin gene: substitutions C/T, A/G, C/T, G/T, A/T, T/C and G/A at the positions, respectively, 867, 1112 867, , 3469, 3714, 2845 867, , 3996 and 2728 867, (STRATIL et al., 1997 JIANG and GIBSON, 1999; KENNES et al., 2001) . A realtionship was found between the C/T (3469) polymorphism and the carcass leannes as well as the daily gain of Polish Landrace pigs. The values of these traits were statistically significantly higher in TC individuals compared with TT homozygotes (KULIG et al., 2001 ). However, different results were reported by KENNES et al., 2001 , for the Landrace breed. Higher daily weight gain was characteristic for the TT pigs compared with the AA homozygotes. JIANG et al. (1999) reported an association between this polymorphism and fatness in the Large White breed. Also, an association was revealed between the A/T (2845) polymorphism and total feed intake and average estimated breeding values for age (adjusted to 100 kg) in the Landrace breed. The above traits were higher in the TT individuals compared with the AA homozygotes. The lack of association between the mentioned traits and polymorphisms in the leptin gene in the other breeds (Duroc, Yorkshire, Hampshire) suggests that linkage disequilibrium is characteristic for Landrace and Large White breeds. Also significant polymorphic associations were found between the 2nd intron (ZWIERZCHOWSKI et al., 2001) , as well as the 2nd exon (BUCHANAN et al., 2002) of bovine leptin gene, and carcass traits. LIEFERS et al. (2002) found that these polymorphisms are associated with milk performance traits. No information was found about how the leptin gene polymorphisms influence the reproductive traits in pigs.
Following the above data and suggestions, we undertook the studies aimed to determine HinfI polymorphisms in the leptin gene locus of AI boars, and we attempted to establish possible association between the LEP genotypes and some qualitative and quantitative characters of porcine semen.
Material and methods
The analyses comprised 54 Duroc x Pietrain boars utilised at an Artificial Insemination Station. The DNA was isolated from blood collected into vacuum tubes, with K 3 EDTA added as anticoagulant. The isolation was carried out with MasterPure kit (Epicentre Technologies). Leptin genotypes were analysed using PCR-RFLP. DNA fragment of 152 bp was amplified with the following primer sequences, given by NEUENSCHWANDER et al. (1996) : forward primer: 5'-TGC AGT CTG TCT CCT CCA AA-3' and the reverse primer: 5'-CGA TAA TTG GAT CAC ATT TCT G-3'. The PCR was performed in a volume of 20 µl containing 70-100 ng DNA, PCR buffer, 0.75 mmol of MgCl 2 , 10 pmol of each nucleotide, 25 pmol of each primer, and 0.5 U of Taq polymerase. The PCR conditions were as follows: 94°C for 3 min.; 30 cycles for 1 minute each at 94°C, 58°C, and 72°C; the final synthesis at 72°C for 5 min. The PCR product was digested with 3 units of HinfI restrictive endonuclease at 37°C for 3 hours, and then separated on 2.5-3% agarose gel stained with ethidium bromide. After the electrophoresis, the gels were analysed in UV. We analysed relationships between the polymorphism in the LEP/HinfI gene and ejaculate volume (cm 3 ), ejaculate sperm concentration (mln/cm 3 ), percentage of live sperms, number of live sperms in ejaculate (10 9 ), number of insemination doses, and the age of the boars at the moment of ejaculate collection, despite the fact that the ejaculates were collected from the boars at age range 221-420 days only. The minimum number of ejaculates per an individual boar was 6, while the maximum number was 45, with the mean 21.6 ejaculates. The semen data were collected from ejaculates sampled and evaluated between 19 March 1998 and 31 Oct. 2001, and referred to ejaculate volume (cm Y ijk -value of the character for the i-th LEP genotype, j-th year, and k-th season; µ -population mean a i -constant effect of the i-th LEP genotype (i = 1, 2, 3); b j -constant effect of the j-th year (j = 1, 2, …, 4); c k -constant effect of the k-th season (k = 1, 2); (ab) ij -effect of interaction LEP genotype x year; (ac) ik -effect of interaction LEP genotype x season; (bc) jk -effect of interaction year x season; e ijkl -error. The values of the studied traits were expressed as the means and their standard deviations.
Results and discussion
The PCR resulted in the product of 152 bp, which was digested with HinfI endonuclease. As a result of this, the following bands were found on the agarose gel: In the studied population, no disturbance of genetic equilibrium was found between the observed and the theoretical LEP genotype frequencies, calculated according to the Hardy-Weinberg law (Chi 2 = 0.134; n' = 2). A similar, also higher frequency of LEP T was observed by STRATIL et al. (1997) who studied the breeds Landrace, Hampshire, Large White, Black Pied Pŏeštice, Pietrain, and Czech Meat Pig; however, the allele was not found in Meishan pigs. A higher frequency of the allele LEP T was also revealed in Polish Landrace pigs (KULIG et al., 2001) . Considering the mentioned data on leptin gene expression, leptin function, a high degree of the hormone's homology and its receptors location, one may suggest there is an effect of the protein on, among others, reproduction-related traits of pigs or, more specifically, on boar semen characters. Consequently, the studies by BARASH et al. (1996) show that both in males and females of genetically obese ob/ob mice, leptin expressively stimulated gonadal growth and activity. Leptin treatment restored foetal cycle in infertile ob/ob female mice, which were also able to conceive and retain pregnancy (CHEHAB et al., 1996) . The fact that leptin influences the gonads probably results in enhanced production of steroid hormones (BARASH et al., 1996) . The analysis demonstrated that the level of qualitative and quantitative semen traits was significantly influenced by the year (P ≤ 0.01). The following interactions were also found significant: LEP genotype x year, LEP genotype x season, and year x season -Table 2. All these factors were included in the statistical model, which was used to analyse the relationships between the particular LEP genotypes and the traits of the semen. ), and the recorded differences were statistically significant at P ≤ 0.01 (Table 3 
Conclusion
The studies demonstrated that the boars with the LEP C LEP C genotype yielded ejaculates of the lowest volume with the highest sperm concentration, the lowest number and percentage of live sperms, as well as the lowest number of obtained insemination doses. Therefore, the results suggest that the polymorphism in the leptin gene (LEP/HinfI) may be utilised in the improvement of some reproductive performance traits of boars, such as semen qualitative and quantitative characters. However, despite the fact that the prevalence of LEP C LEP T and LEP T LEP T genotypes was demonstrated for both percentage and number of live sperms in ejaculate, the results should be verified in further research on a larger number of animals.
